I. INTRODUCTION
Saturated Weston standard cells in which deuterium oxide, D 20, is substituted for some or all of the H20, may be expected to have an electromotive force slightly different from those made with normal water. The free-energy change, which determines the electromotive force of the cell, is the change accompanying the reaction:
Bureau. These samples were of sufficient amount to' construct several cells of the same size as those which are used customarily for primary standards of electromotive force.
II. EXPERIMENTAL PROCEDURE
A study has been made of the characteristics of a group of 12 saturated cells constructed on July 27, 1937 . These cells were prepared in the same way and with identical materials except for the isotopic content of the water used in making the solutions of cadmium sulphate. The materials were purified according to methods described in an earlier publication,l and the cells were made in the usual manner. Four samples of water containing, respectively, 0.018 (normal water), 1.036, 3.121, and 6.848 mole percent of D20 2 were saturated with small CdS04.8/3H20 crystals. These crystals had been moistened with a small amount of H 2S04, so that the saturated CdS04 solution of normal water for the control cells was 0.0226 N in acid. Since the crystals were well mixed and since the same ratio of crystals to water was used in all cases, each solution should be of the same acidity. In accordance with this Bureau's practice of referring to the acidity of a cell as that of the acid before saturating with neutral CdS04.8/3H20, these cells are designated as 0.03 N acid.
The ratios of moles of D 20 to moles of water in the finished cells were less than in the samples initially. The dilution by the water of crystallization of the cadmium sulphate used in saturating the solution and added as excess solid to the cells is not definitely known because of lack of knowledge of the rate and extent of exchange between the H 20 of the solid CdS04.8/3H20 crystals and the D20 of the liquid. 58, 146 (1935) . ' These compositions were calculated frOID the densities of the samples, using the equation ND,o ~9.?385tJ.S+0.2597 (tJ.S)'. In this equation, which was obtained from the data of L. G. Longsworth, J . Am. Chern. Soc. 59, 1483 (1937) , by least-square computation, ND,o is the mole fraction of deuterium oxide and be 0.018,0.85,2.57, and 5.64. If, on the other hand, we assume that the H20 of the solid entered into an exchange with the liquid and came to an equilibrium such that the D 20 /H 20 ratio in the crystals is the same as in the solution, the mole percentages of D20 in the solutions would be 0.018, 0.76, 2.27, and 4.98. The hydrogen added by the H 2S04 may be neglected since, in the most concentrated DzO sample, it reduced the concentration of DzO by only 0.002 mole percent.
In table 1 the mole percentages of the original samples are compared with the percentages in the finished cells on the assumptions of no exchange and complete exchange in the crystals. The difference in results based on these assumptions is of little importance since the variations in D.E per mole percent are within the limits of scattering of the values in the various groups. From the standpoint of the present work it is immaterial, therefore, whether the exchange is complete, except as the constancy of electromotive force over a long period of time may be involved. In this paper we have assumed that the second of the above alternatives is correct and the mole percentages of DzO in tables 2 to 5 are expressed on this basis. In continuing the work, however, according to plans for constructing cells containing much higher percentages of D 20, this matter will become of increasing importance and a more definite answer, based on experimental results, is to be expected.
Another uncertainty in estimating the actual concentration of D 20 in the finished cells arises from the possible partial dehydration of the cadmium sulphate crystals on exposure to the air prior to using them for preparing the saturated solutions. Partial dehydration of the crystals would result in less dilution of the D20 than is shown in table 1, but the uncertainty in the concentration would hardly be great enough to affect D.E per mole percent by an amount large enough to be significant.
III. EXPERIMENTAL RESULTS
Repeated measurements of the electromotive force at 20° C for each cell are given in table 2. The constancy of the electromotive force of each of the 12 cells is shown by the small average deviation of single observations given in the last column. In no case is the average deviation more than 0.6 microvolt. The scattering of the mean values of individual cells in their respective subgroups is not more than 1.4 microvolts. The constancy and reproducibility of the cells, as indicated by the close agreement of the electromotive force values for each isotopic concentration, are important indications of the validity of the effect of the D20.
The mean electromotive force at 20° C of each subgroup is plotted in figure 1 with respect to the D20 mole percent of the water in the saturated solution. The relation of electromotive force to the D 20 content is evidently linear within the range of the present work. The slope of the line indicates a decrease of electromotive force amounting to 2.9 microvolts per mole percent. 3 The electromotive forces at 20 and 28° C are compared in 
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2.27 2. 27 2. 27 The results of measurements of the hysteresis of these cells are shown in table 4. In the first test, the cells were moved from a bath at 20° C to another at 28° C. The electromotive forces were measured after 2 hours in the 28° bath and compared with the mean of the equilibrium values subsequently observed at that temperature. In the second test, the cells were transferred back to the 20° bath and again measurements made after 2 hours at the new t emperature were compared with the mean of the equilibrium values at 20° C. The hysteresis is somewhat less for cells containing added D 20 than for the cells made with normal water.
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The internal resistances of the cells at 20 and 28° C and the ratio of the values at the two temperatures are shown in table 5. The internal E-E' resistances, R, were calculated from the relation, R=~ X 10 7 , where E is the electromotive force and E' the terminal voltage observed when the cell was discharging through an external resistance of 10 7 ohms. ---------_ .-------. --- -.8 2fl9, 2700 -0., + 0 ., -------------------+--- 
